Width of sulcus and thickness of gyrus in patients with cerebral atherosclerosis: a new tool for the prevention of vascular cognitive impairment BACKGROUND
Cerebral atherosclerosis is the main cause of lesions that contribute to vascular cognitive impairment (VCI) and vascular dementia, followed by arteriosclerosis of small vessels and cerebral amyloid angiopathy 1 . Autopsy studies have already identified atherosclerotic plaques in the vertebrobasilar system in 50% of the cadavers examined, and most patients with atherosclerotic plaques in the basilar artery had severe plaques
2
. VCI encompasses discrete cognitive deficit, which does not necessarily lead to dementia 3 . There is suspicion of VCI when there is atherosclerosis, arteriolosclerosis, amyloid angiopathy, focal or diffuse ischemic changes, or haemorrhagic foci 4 . There are currently no tomographic diagnostic criteria for VCI and there is a need to establish evidence to base these criteria for assessing the contribution of cerebrovascular disease for VCI
5
.
There are studies that emphasize the importance of in vivo imaging studies of ischemic brain lesions such as PET scan, magnetic resonance imaging (MRI), CT and computed angiotomography (CAT) 6, 7 and post-mortem CT 8 . Post mortem CT was introduced about 14 years ago and several researchers have demonstrated its usefulness primarily in cases of post-traumatic bone injury
9,10
, and also in cases of vascular injury with the aid of CAT
11,12
. To date, there are no studies to identify radiological changes in VCI of patients with cerebral atherosclerosis, so the present study emphasizes the importance of imaging in the identification of pathological processes, contributing to the prevention of diseases such as VCI. It is probable that patients with atherosclerosis in arteries that irrigate the posterior portion of the brain, such as the basilar and the posterior cerebral arteries, present changes in the encephalic mass such as oedema or hypotrophy due to insufficient irrigation in this region.
AIMS
Thus, this study compared the post-mortem radiological alterations of autopsied adults with the macroscopic alterations in the posterior region of these brains in order to establish a relationship between the two forms of analysis and to discuss the relevance of the prevention of VCI in patients with encephalic atherosclerosis.
METHODS

Selection of patients
The study was performed with 13 patients autopsied in the Subject of General Pathology at General Hospital of Triângulo Mineiro Federal University (GH-UFTM) in Uberaba, state of Minas Gerais, Brazil. We evaluated 3000 autopsy protocols from 1963 to 2016. Patients were selected by means of autopsy reports regardless of cause of death or underlying disease. Inclusion criteria were: patients over 65 years of age. The exclusion criterion was: brains that were fragmented and therefore did not have good conditions to perform the macroscopic and imaging analysis.
Macroscopic analysis of atherosclerosis
The brains were analysed macroscopically to assess the degree of atherosclerosis of the basilar and the posterior cerebral arteries. The qualitative analysis of atherosclerosis was performed with classification into mild, moderate or severe. The arteries that presented lipid streaks or vessel wall stiffness but did not present lumen narrowing were considered mild atherosclerosis. Moderate atherosclerosis was classified as arteries that showed vessel lumen narrowing of less than 50% and visible atheroma plaques. The arteries that presented aneurysms, calcifications, or narrowing of more than 50% and visible atheroma plaques ( Figure 1 ) were classified as severe atherosclerosis.
In the posterior region of the brains, measurements were taken for the inferior temporal gyrus (ITG), the medial temporal occipital gyrus (MTOG), the inferior temporal sulcus (ITS), and the calcarine sulcus (CS) on the left and right sides, using a digital caliper Digital 100.174B (Digimess, São Paulo, SP-Brazil). The location of the measured regions was standardized in all brains. The thickness of the right and left ITG was measured transversely, in the posterior region of the gyrus, near the occipital lobe. (Figure  2A ). The width of the right and left ITS was measured transversely at a location just above the ITS measurement ( Figure 2B ). The left and right MTOG thickness was measured transversely in the medial portion of the gyrus ( Figure 2C ). The width of CS on the left and right sides was measured transversely and laterally to the MTOG measurement ( Figure 2D ). Three measurements of the gyrus and sulcus were made and the average of the three calculated. Measurements were recorded in millimetres.
During the macroscopic evaluation, the presence of haemorrhagic foci, infarctions, calcifications and hypotrophy or oedema were also evaluated in all brains.
Acquisition of images
Through a partnership with the GH-UFTM imaging service, the selected brains were taken for tomographic analysis in the equipment Aqulion 64 (TSX-101 A / H) (Toshiba Medical System Corporation, Otawara-Japan), which uses 1 mm thick slices, with interpolation of 0.5 mm reconstruction of the images, which increases the quality of reconstruction of the images processed in other planes and even in third dimension.
Processing and interpretation of images
With the aid of the software RadiAnt DICOM Viewer 3.4.2 (Medixant, Poznan-Poland), the images obtained were analysed and the measurements of the ITG and MTOG and the right and left ITS and CS of each patient were analysed. The ITG was measured in sagittal sections close to the macroscopic measurement ( Figure 3A) . The ITS was measured in a sagittal section just above the macroscopic measurement of the ITG ( Figure 3B ). Calcarine sulcus were measured using sagittal sections, at the mid-posterior location just above MTOG (Figure 3C and D) . Medial temporal occipital gyrus was measured using axial slices close to the macroscopic measurement ( Figure 4 A and B). Three measurements of the gyrus and sulcus were taken and the average of the three calculated. Measurements were recorded in millimetres.
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the left posterior cerebral artery, 5 patients had mild atherosclerosis (38.5%), 2 patients had moderate atherosclerosis (15.4%) and 6 patients had severe atherosclerosis (46.1%). Cerebral oedema was found in 2 patients and all had cerebral hypotrophy. No areas of haemorrhage or cerebral infarct were observed in the patients. Three patients had aneurysm in the basilar artery, one patient had a cysticercus, and two patients presented encephalic congestion. Thrombi were evidenced in the basilar artery of 1 patient.
There was no statistical difference between the patients with regard to gender and degree of atherosclerosis, or the colour and degree of atherosclerosis in any of the analysed arteries.
Gyrus and sulcus of the posterior brain region presented variation according to the degree of atherosclerosis of the patients. Macroscopically, only CS had a statistically significant difference between the degrees of atherosclerosis in the basilar artery (p = 0.021), so that patients with mild atherosclerosis (median = 1.827 mm) had sulcus wider than patients with moderate atherosclerosis did (median = 1.203 mm), H = 7.726 ( Figure 4) .
When evaluating CT images, only MTOG exhibited a significant difference between the degrees of atherosclerosis in the basilar artery (p = 0.0156), in which patients with mild atherosclerosis (median = 6.838 mm) had sulcus wider than patients with severe atherosclerosis did (median = 9.259 mm) (H=
Statistical analysis
Prism® (GraphPad Software, San Diego, California-USA) software was used for data analysis. Variable distribution type was verified using the Kolmogorov-Smirnov statistical test. As the result of the distribution of the variables was non-normal, Mann-Whitney U test was used to compare 2 groups, and Kruskal-Wallis test was used to compare 3 or more groups, followed by One way ANOVA (Dunn's test) and by Tukey's test that were used to compare three or more groups. Then, a Spearman correlation coefficient was used. Differences in which the probability (p) was less than 5% (p<0.05) were considered statistically significant. 
RESULTS
Among
5.832).
Regarding the right and left posterior cerebral arteries alone, there was no significant difference between the degree of atherosclerosis and the measurements of gyrus or sulcus both macroscopically and in the CT images.
DISCUSSION
Both methods of analysis presented significant results. Nevertheless, although macroscopically all patients presented clear signs of cerebral hypotrophy, there was a decrease in CS width and an increase in MTOG thickness in patients with a higher degree of atherosclerosis, macroscopically and in tomography, respectively. Macroscopically, there were no signs of brain oedema in most cases. The narrowing of the basilar artery lumen of atherosclerotic cause, in the posterior cerebral arteries and their branches, is the main cause of posterior cerebral hypoperfusion
13
. Patients were expected to present hypotrophy in this region because of hypoxia caused by atherosclerosis. Vascular risk factors such as hypertension and hypercholesterolemia cause damage to the neurovascular unit (NVU) composed of endothelial cells, astrocytes, pericytes, microglia, neurons and circulatory inflammatory cells. The damage in the NVU leads to chronic hypoperfusion, hypoxia, inflammatory activation and oxidative stress 14 
.
Although there is a compensatory rearrangement of vessels in an attempt to reduce hypoxia, the blood flow of individuals with hypoperfusion is still lower when compared to individuals with normal perfusion
15
. The formation of a hypoxia environment in the NVU contributes to an inflammatory activation that induces the NVU to various adaptations and interactions presenting flow disturbances, angiogenesis, vascular remodelling, loss of junction and adhesion proteins, pericyte retraction, basal membrane disruption, neurovascular decoupling and neuronal impairment. This cascade of events associates injury in the NVU and in the cerebral microcirculation to the tissue damage, which causes neuronal degeneration and cognitive impairment 16 . There is also evidence of foci of gliosis and scars in these individuals
. Gliosis, also called gemioscytic gliosis, is characterized by the hypertrophy and hyperplasia of astrocytes activated by inflammatory signs following a tissue injury of any type, such as hypoxia, the presence of tumours and traumas
17
. It can be identified microscopically, but macroscopically there is no obvious sign. However, in the present study, the increase in the thickness of the gyrus, which could only be detected with the digital caliper and with the tomographic image analysis software, may be a sign of the occurrence of gliosis in these cases of more severe atherosclerosis. Changes in white brain matter are also factors that indicate risk of cerebrovascular events, stroke, cognitive impairment, or dementia, and death
18
. Meanwhile, in the present study, this factor was not evaluated because brains formalin-fixed for a long time lose the ability to demonstrate areas of hyperdensity, calcifications or haemorrhages at the CT examination (personal communication).
There is evidence in experimental models that in mice with astrocyte reduction in white brain matter and in the presence of inflammation, there is axonal degeneration, demyelination and gliosis, as well as cognitive deficit. This suggests that astrocytes are involved in the pathophysiology of VCI and that anti-inflammatory interventions can bring beneficial effect
19
. Karen Horsburgh discussed the contribution of microglial proliferation to axon-glial disruption and impairment of white matter function in an experimental model of VCI. Studies like these support that, in situations of inflammation, the NVU reacts with diverse pathological responses, including gliosis, which may temporarily increase the size of the affected tissue
20
. Our patients were expected to have a high degree of atherosclerosis because of the average age of the group, 67 years old. Thus, it is probable that most of them presented a condition of brain hypoperfusion in the posterior region of the encephalon due to the narrowing of the lumen of the posterior and the basilar cerebral arteries. VCI is not synonymous with dementia but it is used to describe an intermediate stage between normal cognition and vascular-caused dementia with the presence of mild cognitive impairment
21
. Dementia affects 7% of the population over 65 years old, and 30% of people over 80 years old 22 . In addition, it is now recognized that vascular diseases lead to dementia
23
. There is also close relationship between vascular dementia and Alzheimer's disease as common risk factors: systemic hypertension 24 , diabetes, smoking 25 and hypercholesterolemia
26
. Vascular cognitive impairment encompasses individuals who have stroke-related cognitive impairment, multiple cortical or subcortical infarcts, silent infarcts, small vessel disease with white matter lesion and lacunae
3
. Criteria for identifying VCI should still be better established. Symptoms may vary depending on the location of the infarcts, for example. Nonetheless, subcortical ischemia often leads to attention deficit and executive dysfunction, with slow motor development and slowness in processing information. Episodic memory is not as apparent as in Alzheimer's disease. Psychiatric symptoms are as common and important as in Alzheimer's disease, and mood swings such as depression, emotional instability and apathy are frequent and persistent
27
. Until this moment, this group of researchers did not conduct a survey of the diagnosis or symptom of some type of cognitive impairment in our patients, which does not allow us to establish a direct relationship between symptoms and macroscopic or imaging findings.
CONCLUSIONS
This study demonstrated that it is possible to establish a post-mortem parameter of thickness measurements of gyrus and sulcus according to the degree of atherosclerosis of patients. Thus, in vivo, monitoring the thickness of the patient's gyrus and sulcus may provide information on the increase or decrease of gyrus and sulcus, and thus prevent future complications, such as VCI.
